Abstract Highly efficient and stable laser emission is demonstrated under drastic UV pumping conditions from recently synthesized BODIPY dye incorporated into polymer host. Under transversal pumping at 355 nm, lasing efficiencies of up to 29%, similar to those obtained in liquid phase, were obtained, with useful lifetimes (drop of the emission by 50%) of 70,000 pulses at 5 Hz repetition rate. The obtained efficiency and photostability are much higher than those obtained with usual commercial dyes emitting in the same spectral region, such as Coumarin 540A, under the same experimental conditions.
Introduction
Solid-state dye lasers (SSDL) show great promise for the development of compact, inexpensive, maintenance-free, hazardless, efficient, and tunable laser sources. To date, progress in host material processing has led to highly efficient and photostable tunable SSDL in the green-red (550-750 nm) spectral region based on polymeric matrices doped with organic dyes [1] . The high photostability demonstrated with these materials ensures long operating lifetimes of the active laser media with output power characteristics being on a par with those obtained in liquid solutions [2] [3] [4] [5] [6] [7] [8] [9] [10] [11] [12] [13] . Nevertheless, these SSDL systems only could reach their com- The search to extend the remarkable properties of SSDL to lower wavelengths is fundamentally restricted by the inefficiency of the usual laser dyes in this region; furthermore, the UV optical excitation needed to obtain laser emission in the blue and near green regions results in a very fast degradation [14] [15] [16] [17] . Recently, some of these shortcomings have been overcome by newly designed BODIPY dyes [18, 19] . Some of these reported novel BODIPYs lase in the blue and near green spectral regions, under demanding transversal pumping conditions and in liquid solution, with unexpectedly high lasing efficiencies and high photostabilities, outperforming the laser action of existing commercial dyes considered as benchmarks in these spectral regions. However, when we tried to incorporate these dyes into polymeric matrices through thermoinduced radical polymerization, a fast dye degradation was observed, due to the reaction with the radicals generated in the system by the initiator fragmentation during the initiation stage.
In this letter, we demonstrate for the first time efficient and stable laser emission, under drastic UV pumping conditions, from a recently synthesized BODIPY dye (8-propyl-4,4-difluoro-4-bora-3a,4a-diaza-s-indacene, 8-PBDP) incorporated into polymeric hosts.
Experimental part

Materials
Details of the synthesis of the new dye have been reported elsewhere [20] . Commercial laser dyes Pyrromethene 546 (PM546) and Coumarin 540A (C540A) (laser grade, Exciton) were used as received with a purity >99% (checked by spectroscopic and chromatographic methods). Solvents for laser studies were of spectroscopic grade (Merck, Aldrich, or Sigma) and were used without further purification. Linear copolymers were obtained by copolymerization of methyl methacrylate (MMA) with different volumetric proportions of the fluorinated monomer 2,2,2-trifluoroethyl methacrylate (TFMA). Methyl methacrylate (Aldrich) was distilled under reduced pressure before use. The initiator: 2,2 -azobis(isobutyronitrile) (AIBN) (Acros) was also purified by recrystallization in ethanol before use. Figure 1 shows the molecular structures of the new dye and the employed monomers.
Preparation of solid polymeric samples
The synthesis route followed to prepare the materials was radical bulk polymerization of the selected monomers with the adequate amount of dye to achieve the final concentration required in these experiments [16] . The 8-PBDP dye resists well the conditions of radical polymerization in situ, which allows optimizing the optical properties of the final material by controlling structure, monomer functionality, dye concentration and sample geometry. In fact, the proper and simultaneous control of these parameters, which results critical to optimize the laser action of dyes in solid media, cannot be achieved incorporating the dye into the polymer through processes such as impregnation or extension and solvent evaporation of polymer solutions containing dyes [21] .
The solid monolith laser samples were cast in cylindrical shapes, forming rods of 10 mm diameter and 10 mm length. A cut was made parallel to the axis of the cylinder to obtain a lateral flat surface of ca. 6 mm × 10 mm (Fig. 1) . This surface as well as the ends of the laser rods was prepared for lasing experiments by using a grinding and polishing machine (Phoenix Beta 4000, Buehler) until optical-grade finished. The planar grinding stage was carried out with a P4000 (∼6 µm) silicon carbide disk (Tecmicro) as an abrasive with mineral oil as a lubricant. The final polishing stage was realized using a cloth disk Mastertex (Buehler) with diamond of 1 µm in mineral oil as an abrasive type. Details of the polymerization procedure and experimental system can be found elsewhere [8] [9] [10] [11] [18] [19] [20] [21] .
Laser experiments
Liquid solutions of dyes were contained in 1 cm optical-path quartz cells that were carefully sealed to avoid solvent evaporation during experiments. The solutions of the 8-PBDP dye as well as the solid samples doped with it were transversely pumped at 355 nm, with 5.5 mJ/pulse, 10 ns full width at half maximum FWHM pulses from a frequencytripled Q-switched Nd:YAG laser (Spectron SL282G). The exciting pulses were line-focused onto the cell (or onto the lateral flat surface of the solid sample) providing pump fluences on the active medium of 180 mJ/cm 2 . The oscillation cavity (2 cm length) consisted of a 90% reflectivity aluminum mirror, with the lateral face of the cell (or the end face of the solid sample) as output coupler.
Results and discussion
As the laser properties depend strongly on both environment conditions and dye concentration, we firstly analyzed the lasing behavior of the 8-PBDP dye in liquid phase under the same experimental conditions selected to pump this dye incorporated into solid matrices These studies guided the selection, among the quasi-limitless compositions and structures of solid materials, of the best dye/matrix combination to optimize the laser action in terms of both efficiency and stability, simplifying the always complex process of synthesis of these materials. The results and information provided by these previous studies showed that, under the selected pumped conditions, 3 × 10 −3 M is the dye concentration that optimizes its lasing efficiency (Eff, defined as the ratio between the energy of the dye laser output and the energy of the pump laser incident on the sample surface), especially when the solvents were ethyl acetate (Eff: 28%) and 2,2,2-trifluoroethanol (Eff: 31%) (Fig. 2) .
On the basis of the above considerations, we synthesized as promising host materials 8-PBDP dye doped poly(methyl-methacrylate) (PMMA), which mimics ethyl acetate solvent, and copolymers with different volumetric proportions of monomers MMA and 2-trifluoromethyl methacrylate (TFMA), which mimic the fluorinated solvent.
